f 



PATENT ABSTRACTS OF JAPAN 



(11)Publication number : 2001-037213 
(43)Date of publication of application : 09.02.2001 



(51)IntCI. 




H02M 3/155 




(21 Application number : 
(22)Date of filing : 


11-210753 
26.07.1999 


(71) Applicant : 

(72) Inventor : 


NEC IC MICROCOMPUT SYST LTD 
YOKOZAWA KOJI 



(54) SWITCHING REGULATOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a switching regulator of high 
efficiency and high performance wherein conversion efficiency is high 
and ripple is little. 

SOLUTION: This switching regulator includes switching elements 9, 10 
which switch an input voltage by a control signal, smoothing circuits 5, 
4 smoothing outputs of the switching elements 9, 1 0 and outputting 
them as an output voltage from an output terminal, a comparator 1 2 
comparing a voltage to be compared with a reference voltage and 
outputting the control signal wherein the output voltage is fed back, 
and an oscillator 13 supplying specified switching clocks to the 
switching elements. A ripple circuit applying ripples which are charged 
and discharged by a time constant CR of a resistor and a capacitor to 
one input terminal out of input terminals of the comparator is installed. 
Pulse width of the switching clock is made variable by using the output 
of the comparator. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The switching element which switches input voltage with a control signal, and the smoothing 
circuit which graduates the output of this switching element and is outputted as output voltage from an 
output terminal, In the switching regulator containing the comparator which compares the compared 
electrical potential difference and reference voltage which returned said output voltage, and outputs 
said control signal, and the oscillator which supplies a predetermined switching clock to said switching 
element The ripple supply circuit which gives the ripple which carries out charge and discharge to one 
input terminal of the input terminals of said comparator with the time constant CR of resistance and a 
capacitor is prepared. The switching regulator characterized by carrying out adjustable [ of the pulse 
width of said switching clock ] using the output of said comparator. 

[Claim 2] Said ripple supply circuit is a switching regulator according to claim 1 which connects the 1st 
capacity and by which said ripple is given by capacity coupling between the clock signal of arbitration, a 
reference voltage input, or a compared volt input. 

[Claim 3] Said ripple supply circuit is a switching regulator according to claim 2 which consists of a 
circuit which outputs the output of the oscillator of predetermined frequency, and this oscillator through 
the 1 st capacity. 

[Claim 4] Said ripple supply circuit is a switching regulator according to claim 2 which consists of the 
1st circuit which takes the AND of the oscillator of predetermined frequency, and the output of this 
oscillator and the output of said comparator, and a circuit which connects the output of this 1st circuit 
to the input of said comparator through the 1st capacity. 

[Claim 5] The amplitude of the ripple of said ripple supply circuit is a switching regulator according to 
claim 2 determined by the capacity factor with the 2nd capacity mainly connected between said 1 st 
capacity and reference voltage input or a compared volt input, a power source, or touch-down. 
[Claim 6] The amplitude of said ripple to said comparator is a switching regulator according to claim 1, 2, 
or 5 which is several mV - dozens of mV. 

[Claim 7] The switching regulator according to claim 5 or 6 which has a resistance load, a transistor load, 
a constant current source, or a charge-and-discharge means by two or more of the combination at the 
common node of said 1st capacity and said 2nd capacity. 

[Claim 8] Said charge-and-discharge means is a switching regulator according to claim 7 with the 
inverse number (1/f) 0.1 to several times the time constant of the frequency f of the clock signal of said 
arbitration. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the switching regulator suitable for pocket 

devices, such as a cellular phone and a notebook computer, about a switching regulator. 

[0002] 

[Description of the Prior Art] In fields, such as a cellular phone, and a notebook computer, MD, the 
needs for small and lightweight-izing of the pocket device which used the cell have been increasing. 
When the number of the cells to carry is reduced and it constitutes a power circuit for this small and 
lightweight-izing, a pressure-up mold switching regulator is often used. Moreover, the case where think 
effectiveness as important to the power circuit which was usually using the series regulator, and a 
pressure-lowering mold switching regulator is used for it is increasing. 

[0003] Drawing 6 is the circuit diagram of the switching regulator of the conventional example, and 
drawing 7 shows the wave form chart of the conventional example of drawing 6 of operation. The 
method shown in drawing 6 is a method called PWM (Pulse Width Modulation), and does not compare a 
reference potential with compared potential simply, but compares the output voltage (h point potential) 
of the triangular wave generator 18 repeated on a certain frequency with a reference potential and the 
potential G point potential) which amplified the difference potential of compared potential with the error 
amplifier 19 with a comparator 12, and carries out ON/OFF of the switching transistor (PchTrlO and 
NchTr9). 

[0004] This circuit is outputted to the output terminal 2 to which it connected with the smoothing 
capacitor 4 through the coil 5 from the node k of the switching transistors 10 and 9 for an output, and 
the load 3 was connected. The output signal is divided by resistance 7 and 8, and the signal of the 
dividing point d is amplified with the error amplifier 19 with the electrical potential difference (node f) of 
the source 14 of reference voltage, and it is compared with the output voltage of the triangular wave 
generator 18 by the comparator 12. 

[0005] That is, by a comparators 12 comparing the output voltage (h point potential) of the triangular 
wave generating circuit 18, and the output voltage Q point potential) of the error amplifier 19, and making 
adjustable the duty ratio of an output wave of the outputting point g, fine control will be attained and the 
small voltage output of a ripple will be obtained by the output terminal 2. 

[0006] Moreover, there are some which are shown in the circuit diagram of the PWM of the pressure-up 
mold switching regulator of drawing 8 or the PFM (Pulse Frequency Modulation) method of the 
pressure-up mold switching regulator of drawing 9 as other conventional examples. It has connected 
with the output terminal 2 which connects with NchTr9 in Node k through a coil 5 from an input terminal 
1, and is connected with a load 3 through diode 6 from this node k in drawing 8 , using one NchTr9 as an 
output switching transistor. And the output voltage of the triangular wave generator 18 and the output 
voltage of the error amplifier 19 are compared by the comparator 12, and are supplied to the gate of 
NchTr9. 

[0007] In drawing 9 , since it is a pressure-up mold switching regulator by the PFM method, the circuit 
is simplified. Although this circuit is outputted [ like drawing 8 ] through diode 6 from the node k of one 
NchTr9 and a coil 5 as an output switching transistor, the error amplifier 19 of drawing 8 is deleted, AND 
circuit 1 1 is added, and an oscillator 13 is used instead of being the triangular wave generator 18, and it 
inputs the output of this oscillator 13, and the output of a comparator 12, controls that number of 
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output pulses, and is controlling output voltage. 
[0008] 

[Problem(s) to be Solved by the Invention] however — the PWM of drawing 6 — the triangular wave 
generator 18 and the error amplifier 19 — needed — and h point potential and g point potential — a 
comparison — since the protection network when becoming out of range etc. is needed — the ** ripple 
of output voltage — being few (about 1mV) — since a circuit scale became greatly and complicated and 
the consumed electric current also became large, thePe was a fault that the conversion efficiency as a 
power circuit also worsened. Moreover, there is same problem also in the circuit of drawing 8 . 
[0009] Moreover, by the PFM method of drawing 9 , although a circuit is easy and it is comparatively 
efficient since it is controlled by the pulse number, control of output voltage becomes coarse compared 
with PWM, and there is a problem that there are many ripples of output voltage. 

[0010] The purpose of this invention is to offer few efficient and highly efficient switching regulators of 
the ripple of output voltage with high and conversion efficiency which have power conversion 
effectiveness equivalent to a PFM method by the ripple equivalent to PWM. 
[0011] 

[Means for Solving the Problem] The switching element to which the configuration of this invention 
switches input voltage with a control signal, The smoothing circuit which graduates the output of this 
switching element and is outputted as output voltage from an output terminal, In the switching regulator 
containing the comparator which compares the compared electrical potential difference and reference 
voltage which returned said output voltage, and outputs said control signal, and the oscillator which 
supplies a predetermined switching clock to said switching element The ripple supply circuit which gives 
the ripple which carries out charge and discharge to one input terminal of the input terminals of said 
comparator with the time constant CR of resistance and a capacitor is prepared. In this invention 
characterized by carrying out adjustable [ of the pulse width of said switching clock ] using the output of 
said comparator a ripple supply circuit The 1st capacity is connected between the clock signal of 
arbitration, a reference voltage input, or a compared volt input. Said ripple can be given by capacity 
coupling. This ripple supply circuit Consider as the circuit which outputs the output of the oscillator of 
predetermined frequency, and this oscillator through the 1st capacity, or Moreover, the oscillator of 
predetermined frequency, The output of the 1st circuit which takes the AND of the output of this 
oscillator and the output of said comparator, and this 1st circuit can be made into the circuit connected 
to the input of said comparator through the 1st capacity. 

[0012] Moreover, the amplitude of the ripple of a ripple supply circuit is determined by the capacity 
factor with the 2nd capacity mainly connected between said 1st capacity and reference voltage input or 
a compared volt input, a power source, or touch-down. Moreover, the amplitude of said ripple to said 
comparator is several mV - dozens of mV, it can also have a resistance load, a transistor load, a 
constant current source, or a charge-and-discharge means by two or more of those combination, and 
this charge-and-discharge means can have the inverse number (1/f) 0.1 to several times the time 
constant of the frequency f of the clock signal of said arbitration further at the common node of said 
1st capacity and said 2nd capacity. 

[0013] Since according to the configuration of this invention actuation equivalent to PWM in false is 
obtained by easy circuitry, the ripple of output voltage uses neither a triangular wave generating circuit 
like the conventional example, nor error amplifier small and it is mostly realizable by the circuitry of a 
comparable size with a PFM method, there is the description of being efficient, also in the time of a light 
load. 
[0014] 

[Embodiment of the Invention] The wave form chart drawing 1 explains the circuit diagram of the 1st 
operation gestalt of this invention, and drawing 2 explains actuation of drawing 1 to be is shown. With 
this operation gestalt, by the circuitry near a PFM method, the triangular wave generator 18 or the error 
amplifier 19 of the conventional example are not needed, but pulse width is changed like the PWM of 
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drawing 6 by the usual oscillator 13 and the ripple supply circuit by capacitors 16 and 17, and conversion 
efficiency is considering as the circuit where the small voltage output of a ripple is highly obtained by 
the output terminal. 

[0015] The comparator 12 which the switching regulator of this drawing 1 impresses the reference 
voltage of the source 14 of reference voltage to one input terminal from Node f, and inputs a compared 
electrical potential difference into the input terminal of another side from Node p f The circuit which 
gives the ripple which carries out charge and discharge to one of the inputs of this comparator 12 by CR, 
ON/OFF of the switching element (PchTrlO and NchTr9) is carried out using the output of a comparator 
12, and it is outputting to the output terminal 2 connected with a load 3 through the coil 5 and 
smoothing capacitor 4 which were connected to these switching elements 9 and 10. 
[0016] The power source to which an input terminal 1 is given from the exteriors, such as a cell, is 
connected, column connection of the P channel mold field-effect transistor 10 and the N channel mold 
field-effect transistor 9 is made as a switching element between an input terminal 1 and Touch-down 
GND, and one terminal of the coil 5 for storages of energy is connected to the drain (k points) of this P 
channel mold field-effect transistor 10 and the N channel mold field-effect transistor 9. The other-end 
child, the smoothing capacitor 4, and output terminal 2 of this coil 5 are connected, and column 
connection of the division resistance 7 and 8 for compared electrical-potential-difference creation is 
made with a load 3 between an output terminal 2 and GND. It connects with Node p through resistance 
15 from 7 of division resistance, and the common node (d points) of 8. 

[0017] It connects with one terminal of capacitors 16 and 17, and the node p of this resistance 15 is 
connected to one input terminal of a comparator 12. Moreover, the other-end child of a capacitor 17 is 
connected to GND, and the other-end child of a capacitor 16 is connected to the output (m points) of 
an oscillator 13. Moreover, the input terminal of another side of a comparator 12 is connected to the 
source 14 of reference voltage, and the gate of the output (a points) of a comparator 12, the P channel 
mold field-effect transistor 10, and the N channel mold field-effect transistor 9 is connected. 
[0018] Usually, although there are a pressure-up mold and a pressure-lowering mold in a switching 
regulator, drawing 1 shows the example of a pressure-lowering mold. Actuation of the switching 
regulator of drawing 1 compares the reference potential of f points and the compared potential ( d point 
potential) of p points which are the input of a comparator 1 2. ON/OFF of the switching transistor 
(PchTrlO, NchTr9) is carried out using the output of a comparator 12. Intermittence control of the input 
voltage applied to an inductance component (coil 5 for storages of energy) is carried out, and the energy 
accumulated in the coil 5 is supplied to an output terminal 2 as direct-current output voltage stabilized 
by the capacitor 4 for smooth. 

[0019] Next, circuit actuation of drawing 1 is explained together with the wave of drawing 2 of operation. 
The switching regulator of drawing 1 is a pressure-lowering mold, and the output voltage (= referred to 
as V1) expected from an output terminal 2 turns into an electrical potential difference lower than the 
supply voltage inputted into an input terminal 1. Therefore, in the case of the electrical potential 
difference lower than the output voltage V1 it is expected that output voltage VOUT is, the potential of 
a points serves as low level, and the output voltage V1 with which the Pch transistor 10 serves as ON, 
and raises the electrical potential difference VOUT of an output terminal 2 through a coil 5, and it is 
expected that it is is approached. On the contrary, the output voltage V1 which in the case of an 
electrical potential difference higher than the output voltage V1 it is expected that output voltage VOUT 
is the potential of a points serves as high level, the Nch transistor 9 turns on, and the electrical 
potential difference VOUT of an output terminal 2 is dropped through a coil 5, and is expected is 
approached, and the output voltage VOUT of an output terminal 2 approaches the output voltage V1 
expected. 

[0020] Next, output voltage VOUT of an output terminal 2 The actuation when being set to V1 is 
explained, m points of the output of the oscillator 13 of drawing 1 are clocks currently outputted on the 
oscillation frequency (for example, 100kHz) of arbitration. Next, the capacity factor of a capacitor 16 and 
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a capacitor 17 large enough is taken (for example, a capacitor 16 0.2pF). a capacitor 17 is set to 10pF - 
- the changing point of the clock of m points of a parenthesis — setting — fluctuation of p points — 
number - while choosing a capacity factor which is set to dozens of mV It is set as a value from which 
the time constant of resistance 15, 7, and 8 and capacitors 16 and 17 will be 0.1 to about several times 
the inverse number (1/f) of the oscillation frequency f of an oscillator 13. 

[0021] By choosing a frequency, a capacitor, and resistance as mentioned above, a wave like the p point 
potential with about (for example, 40mV) dozens* of mV the amplitude and a charge-and-discharge curve 
shown in drawing 2 is acquired. A comparator 12 fully reacts and let the amplitude in this case be the 
amplitude from which the standup (falling) of output voltage does not shift. 

[0022] At this time, the output voltage VOUT of an output terminal 2 is close to the output voltage V1 
expected, namely, since the f point potential and p point potential of reference voltage are operating 
near the said potential mostly, p point potential and the f point potential of reference voltage with a 
charge-and-discharge curve cross it, and the output of a comparator 1 2 reverses it. It turns out that 
the same effectiveness as a duty ratio being modulated since p point potential has a charge-and- 
discharge curve and the a point output of a comparator 12 crosses f point potential, and modulating a 
DEYUDI ratio by the triangular wave of the conventional example of drawing 6 is acquired so that 
drawing 2 may also show. 

[0023] As mentioned above, it is the output voltage VOUT of an output terminal 2. The actuation when 
being set to V1 The fluctuation of p points at the time of clock change with the clock currently 
outputted on the oscillation frequency of the arbitration of the oscillator 13 shown in that of drawing 1 , 
the capacitor 16 set as arbitration, a capacitor 17, and the value of resistance 15, 7, and 8 by the 
number - 10mV of numbers And a wave which draws a charge-and-discharge curve from there is 
acquired, and p point potential and the f point potential of reference voltage with a charge-and- 
discharge curve cross. The output of a comparator 12 reverses this point and ON/OFF of the switching 
transistor (PchTrlO and NchTr9) is carried out. Intermittence control of the input voltage applied to an 
inductance component (coil 5 for storages of energy) is carried out, and the energy accumulated in the 
coil 5 is supplied to an output terminal 2 as direct-current output voltage stabilized by the capacitor 4 
for smooth. 

[0024] At this time, the same effectiveness as a duty ratio being modulated, since p point potential has 
a charge-and-discharge curve and the a point output wave of a comparator 12 crosses f point potential, 
and modulating a duty ratio by the triangular wave of the conventional example is acquired so that 
drawing 2 may also show. 

[0025] Moreover, output voltage VOUT of an output terminal 2 It is V1, and the output voltage of a low 
ripple voltage equivalent to PWM of about 1mV is obtained by a circuit scale and the consumed electric 
current almost equivalent to a PFM method, without almost affecting fundamental actuation by having 
set up fluctuation of the potential of p points small enough by the capacity factor of a capacitor 16 and 
a capacitor 17. 

[0026] In addition, although a voltage output is obtained by the output terminal even if it connects d 
point potential to one input terminal of the direct comparator 12 as compared potential and carries out 
ON/OFF of the switching element with a comparator output, without using resistance 15 and capacitors 
16 and 17 here, intermittence control of ON/OFF will become coarse, and it will become a big ripple, and 
will be outputted, and practical output voltage is not obtained. In order to compensate such a fault, the 
switching regulator as shown in drawing was used conventionally. 

[0027] Drawing 3 is the circuit diagram of the 2nd operation gestalt of this invention. Although this 
circuit carries out actuation almost equivalent to the operation gestalt of drawing 1 , a difference gives 
what had given the ripple intentionally given to one side of the input terminal of a comparator 12 to the 
compared volt input side by drawing 1 to a reference voltage input side here. That is, the output of the 
outputting point m of an oscillator 13 is measured with the signal which was divided by the capacity 
factor of capacitors 16 and 17, was connected to the input edge e of the comparator 12 which meets 
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together and inputs resistance 15, and divided the output from the outputting point f of the source 14 of 
reference voltage by the resistance 7 and 6 of an output signal. 

[0028] Although drawing 1 and drawing 3 are the switching regulators of a pressure-lowering mold f 
drawing 4 is the circuit diagram showing the switching regulator of the pressure-up mold of the 3rd 
operation gestalt of this invention, and drawing 5 shows the wave form chart of drawing 4 of operation. 
As a circuit, the return signal from the outputting point a of AND circuit 1 1 was pressured partially by 
capacitors 16 and 17 to the circuit of drawing 9 , and'it has inputted into the input edge e of a 
comparator 12. This circuit gives the ripple which carries out charge and discharge to one input terminal 
of the comparators 12 by CR intentionally like the pressure-lowering mold switching regulator of drawing 
3 , and makes pulse width of a switching clock adjustable using the output of that comparator 12. 
[0029] 

[Effect of the Invention] According to this invention, as mentioned above the output wave of a 
comparator Since the potential of the feedback point crosses a reference potential with a charge-and- 
discharge curve, a duty ratio is modulated. The same effectiveness as modulating a duty ratio by the 
triangular wave of the conventional example is acquired, and it is the output voltage VOUT of an output 
terminal. By being the output V1 expected and having set up fluctuation of the potential of a feedback 
point small enough by the capacity factor of a capacitor It is effective in the output voltage of a low 
ripple voltage equivalent to PWM being obtained by a circuit scale and the consumed electric current 
almost equivalent to a PFM method, without almost affecting fundamental actuation. Namely, since it is 
mostly realizable by the circuitry of a comparable size with the PFM method which actuation equivalent 
to PWM in false is obtained by easy circuitry, and it is effective in the ripple of output voltage being 
small, and uses neither a triangular wave generating circuit nor error amplifier, it is effective in being 
efficient also in the time of a light load. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram of the 1st operation gestalt of this invention. 

[Drawing 2] It is an explaining-actuation of drawing 1 actuation wave form chart 

[Drawing 3] It is the circuit diagram of the 2nd operation gestalt of this invention. 

[Drawing 4] It is the circuit diagram of the 3rd operation gestalt of this invention. 

[Drawing 5] It is an explaining^actuation of drawing 4 actuation wave form chart. 

[Drawing 6] It is the circuit diagram of the 1st switching regulator of the conventional example. 

[Drawing 7] It is an explaining-actuation of drawing 6 actuation wave form chart. 

[Drawing 8] It is the circuit diagram of the 2nd switching regulator of the conventional example. 

[Drawing 9] It is the circuit diagram of the 3rd switching regulator of the conventional example. 

[Description of Notations] 

1 Input Terminal 
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2 Output Terminal 

3 Load 

4 Smoothing Capacitor 

5 Coil 

6 Diode 

7 t 8, 15 Resistance 

9 Nch Transistor 

10 Pch Transistor 

11 AND Circuit 

12 Comparator 

13 Oscillator 

14 Source of Reference Voltage 
16 17 Capacitor 

18 Triangular Wave Generating Circuit 

19 Error Amplifier 
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fW»* ft ®K*si«i^-Cifctttt»*fcAv^, ffl 

^flfficofW** PWM^tJb^tSK ft 9 . fcfcJ;oSJI 
©y y^/v^^tv^fflli^fcS. 

[0 0 101 *^OI«lt PWM*ati^©yy 
^•/u-CPFM**i:lRl«|5©«*SE*Jtt*«:^r-i-«, 

[0011] 

(DWI*:W»-t-S #3S!S©«/&li. A*H 

jESrwaMt-s-ic a *> ^ yv-^r-t*** ****** 
*mm zntcmttmmB. t mmmm. tzttm vxnamm 

WBttmfi-t&a*'**''-* k* Mix* y***m 
*\ZW&X4 yf^c^ *&&-t5&m&k tr£ 
ttXJ y*f-*?v*e=i.\s— *fc*St,>-C, |MB=i>v<w— 
* ©A*i8^-© o *><D—jj<DAt)i&*^1&m • 3 
■!>-OB#jfe«cCR-C*J*«i-5 y y^'/i'tr**.* y y^A- 

ft, ttf©^ n y SWEATS fctt*Jfc«m 

com^^^lO^ftSr^L-cm^il-SlHl^i: LfctK * 
fc3f^«*»©*iB«i:» ^©^^©tb^tmllB^ 
u-* ©m* £©!&§«££ 5 J&i©l3S&i> c©fg 
1 ©Is]S&©tiJ*&fS 1 <0^fiS:^UT*niBav/-?u— 9 

[0 0 12] £fcy y^isiaRoy y^/UOMS 
tt, ±(ctfj|BmiO^*tS«!mjEA**fcttMtb^m 
HA* fc «J»:i^tt8HfiMfc«*SSft<&$l 2 ©sggi: © 



4 

' ^r(c«t5jte^m#©^Wi-5r t<>-C#, ©ft 
&1g¥ia:tt> iftlEftlc©* d 5/ *<g^©Jii£i5c f ©$$t 

(i/f) ©o. i~««oi*^ftSrt>oiiis-e# 

[0 0 13] *3iej©«j5fcfc«fcfrfi, £*fc0l&«jfcT? 
JK«ftlcPWM*ai:IRM»ft»ff3J«»b*b, ffi*mffi© 

io £|H]&^gitfrgSft^£i£ffiLft^©T, PFMM 
[00 14] 

[*w©sato»ffi] iai (±#$gi^©m ©liters© 

3t»»ttT?tt, PFM#SCfciEVMgiS«J«-e» 

8 1 9«r#Ri*1\ 3# 

©3§©gg 1 3 £ , => ^v-y- 1 6 , 1 7teJ:3 y j/TVV- 
{fc£III&£J:9> 0 6©PWM*S;i:|Rli:«J; 5fc^ 

/h3ft«BEtH*i6*»feft5ISI&i: LT^3<, 

[0 0 15] ZV>m 1 ©*-f j/f^l/^a 1/— *f;3\ 
-#©A*3S^KS*P«IE!I 1 4 0£lKtt£&Ktt£ f 
a> b TOP Ufcfr ©A* fflT- fc*ibtt«E p 

A^KOif^fe^-^J-CRT-^mi-S y s'T'ASr-^^. 
Slallg^. als*U—9 1 2©m*Srffl</>T^'f yfV 
(PchTr 1 0 4b'J;W«Nc hT r 9) SrON/ 

offu rc^^fyfy^s, i ofcg&i&Stufc 

[0 0 16] A^ffi^l ttm?feft^^g|5J; 9#x.btv5 
**m*k lTPf+^I^Mh7y^^ 1 0 

iXs r©Pf -f^SS^th?^^ 1 OWN 
f h 7 ^ 9 © K y (k£) 
K^flsttmrn e> => 4 5 ©-*oi»^-!6s*itt* n 
5o r.©=>'<A5©{t!l7j<DS^i: s P^=">7 :f >-y-4 km 
40 '**7-2£jJM8tt$ix. m*ffi^2 i:GND^{-fiA??f 

3 k^amm&w^m^wm. 7 , 8 «sien«BK$ti 

4. ^#Jffigt©7, 8©*Jlg^ (d,^) ^bffital 

[0017] rro«gti 5<os^pf±> ay^yfi 

6, 1 7©-*Ottf i«R$il, ay/^-^12© 

-*(0A*ffi^«-^$^5. ifc^yfyf 1 7©te 
*©ffi^-«GND^ig$H, => *f y-y- 1 6 cote*-© 

ffi^»i^SSl3©m* (m^) *fca 
1 2 ©{til*©A*^J±a*mjEM 1 4(C« 
so =*/<\s—9 1 2©m* (a,^) tPft^ 
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10 0 18] Sft*^ y^^U-^U-^fCfi, #j£ 
^ S /5 L >'^L' : ¥^ u-*©fbfNix 

©a^t-^s f .tKD&mmk p &.<z>$iitmm,tiL ( d 

■SUlte) tSrJfct&U 3y;s'i/-^120liJAS;SK 
Ms/f-^F7^^ (PchTrlO, NchT 
r 9) £ON/OFF£-3:, ^y^^y^i^- 

iJ- 4 -CSSrS LfcESftttSTlBffi t UTtii^SS^ 2 

[ 0 0 1 9 J fciz^ m 1 ©IsISStbfES:, m 2 (DMVftiiM 
b-&t>nxmw-f%c Eliro/^yfyyy^au-^ 
fil^JES!-Cfo 9 , ffi^SS^2^ffl#$tv5>m^«JBE ( = 

tot, fflAlIVOUT^»!#$^5 
ttS77«JEEV 1 J; 9 t>ffii/^«BE©tfr&tt, a £©lfi^ i 
owU^tii!), Pchh7y^^l0*5ONi:i 
9, =>^V5 £^LTffi;^^2©lijEVOUT£r±#?- 

*ttEvouT*sjBw»s*t«ta*«flEv i x<o tH^m 

EE©^£-f±, a ,^comte^ 5 high Is^frb /fONch 
h7y-^^ 9;5SONLT="f 4-5 Sr/f LTtH73^2 

3tti73fgJ£V 1 iCiS-^TVK. 

[0 0 2 0 J fcfc, W77*^2©tti^m/IVOUT V 
1 t&ofci: #©»)f££tftBJ3-t-5« 1 Ell©3gffi3gl3© 
HiA©mjliittffiB:©»JRfl** (0!l*.ff 1 0 0 k H z ) 

6 iayfyfi 7©£SJfc£+#fc*£ < t) (Mx. 
li3yfyfi6S:0. 2pF, a yf Vf- 1 7 £ 1 0 
pFttS) , i^rOm^^D ^©^(b&K:*^ 
T p &<0$zmm~&+m V i 4* <fc 5 fc^SJfcSrjgft 

-rat tt>»-> 5, 7, 8 1 ^ yfyfi 6, i 

7 t <DftfemmM& 1 3 fO^gMMISt^C f ©#» ( 1 / 

f ) oo. i-*f&8«i:**J:5 4tt»J:|9:jgi-S. 
[0021] WiE©J:5fcJS*»- =>vx^-:fc,fcuqg 

OmV) <D®(gt7t^©*— ^Srfcofc, 02IO^tp 
.£m<£©<fc5&&^ : i#'b;h,5o r^i^OSISli^ =■ 

[0 0 2 2] rot #t±!7Jffl^2(Dm7JmJEVOUT{i 

$#£*L£m7jmffiviicisv\ i-/^*,, smmjEw 

&#«#-y«rfcofcpj6t^*«*«EE©f £ 

mteid 5 * b* L-c = y^y-^ i 2©uj*asstei- 



(4) 

5. H2*^t>^*^ J: ay^y-^ 1 2©a.£ 

[0 0 2 3] Utr3ffiUfcJ:3fc» ffi77ffi^- 2 ©tH;*)®JEV 
OUT V 1 ir&ofct £©ftfN3\ El 1 ©fc^-f38Jg 
511 3©ffiR©*fiffl**-em;&3;ftT^5*ny* 

io J;D?jgfttl5, 7, 8©tt:J:cr» *n y*£-ffcH#© 
p .^©^Sl^Sc~^+m V 7?, **o-t i - 
^fc»< J:5fctt»**»?>iV 7t«cffi*-^^tofcp 

— * i 2©m77^teb^-r j/fy^h7y^ 

* (PchTrl0tiWNchTr9) £ON/OF 
5) fcjp*.feJx<5A*«ffiSrWlKiW»U» a-TA^Sfc* 

20 [00 2 4] ::©££. i2*^t)to^5<t5IC> =»V 
^y-^i2©aMM®lt p — 

[0 0 2 5 ] ttJ77ffl J f2©m7lSJEVOUT V 

lffctllonyfytl etayfyfi 7 (D^Mit 

< , P FM^i J5l?ISl^©|HlSS^1I*5<J; V«S*«« 
so -C, P WM^-iCi: Pl^© 1 m V@ft©(S y •> T'/vmjE© 

[0026] ft*>\ rrt'ist isia yfyf 1 6 , 

1 7Srfflt , 'i*»-, *Jttt«!tt U-Cd^«tt«rE»=^ 
l 2©— *©A^J«8T-tcg!«Sb, ay^u-^ 
ttl7JT^-r yfy^S:ON/OF F bTtmTJSffi^ 
^mffita^tt#?5H5A\ ON/OFF©Wri^JWMfi 

*Hl*«ffitt#fe*t*v^ r © J; 5 *^^;Srffl 5 tctf>. 

40 -CV^7t„ 

[00 2 7] El 3 \tt%£W<Dm 2 ©HJS^fil©[HlSSElT* 
r©lE]Kfi> EH©Hife^iei:litflRl^©«J'mSr 
»V^»±=i^U-# 1 2 ©A*sffi^©-^ic^ 

Eiiftd-fj-ji-s y y^i'Sr. m i -e»2&jtifcmffiA?7{ui- 
j: 5Kbfct,©T-&5. ism 3©m*^ 

m©tb7J^, ayfyf l 6, 1 7 ©S*ltT*7>fi|$tu 
t, SSP^BEMI 4©ttS73.^f *^©ffl^Sr«Stl 5 Sr 
^UAMSay/^-^ 1 2©A7tlffielc^^ 
so n, ffl73«^©}&t/i 7 , 6T^WUfcm-§-i:Jttt*ix 
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[0 0 2 8] Ell, m3fe&BM<0*'<v s 5-^if\s3?=i. 

5tem4©fbfNft^m§r*-f". LTtt, m9©[e] 

SgtcStLTANDHli&l 1 Wtb*^a^b<0»ilfB-§-Sr 
3yrvti6, 1 7-?^EUt3^<u- * l 2 ©A 

^/VS: ■€:©=> * 1 2©ffl^)5rffll/^T^.'r 

[00 2 9] 

[389!©a&*] JW±©£ 5»-#3§gm-J:*W^ = >v<u 

■3, Bi:^^ttiM£fcHJS««:*;it***K . PF 

Mtttm$ffimcD®f&tmte£wn%n,m-e. pwm 

*B(i»*iT«rttffl U^vvPFM^tl5l?Piam©Ia]8S 

iniE©ffi*&!ft9n 30 
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m i ] *3893©si i v>%mpM<Dm&m-Qhz>» 
[i2i mi©Sif^^tapji-5©»j^St^mT'fo5. 
[S3] *«w©*2©ntt»iB©iaiSH-e*>s. 

[ED 4] *^|^©^3©HJS^fil©ls]SSmT?fe5 0 
im5] H4©»ft5*tftW*-5©ttfHft»HTS><&. 
[i6] ^*M©^i©^.-f j-fy^^ai^-^os 

[HI81 ^^J©^©*^ y^V^UdfaW— 

1 A^ffiT- 

2 a^asiT- 

3 AW 

5 =tjju 

6 ^ a— K 

7 , 8 , 1 5 

9 N c h hv^i/^f 

10 P c h hyy^^ 
1 1 AND08S 

1 2 ay^V- 9 
1 3 3§MS 
1 4 gSgflffiM 
16,17 ayfVt 
1 8 Hft&«£mB 

1 9 m&iiwi 



[Hi] 



[@2] 
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[07] 
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